ABSTRACT The abundance, diversity, and spatial distribution of the weevil fauna (Coleoptera: Curculionidae) of leaf litter were compared between primary and successional cloud forests at the Biological Reserve Cerro Huitepec in the highlands of Chiapas, Mexico. In total, 2,102 individuals and 57 species of Curculionidae were collected and identiÞed, of which Ͼ90% represented undescribed species. Total weevil densities averaged 8.51 Ϯ 9.04 individuals per 0.5 m 2 of leaf litter. Estimates of the total number of leaf litter weevils in the reserve were Ͼ20 million. Data suggest that even small fragments of cloud forest (Ͻ10 ha) may maintain viable populations of the more common species of leaf litter weevils for extended periods. However, because of their low powers of dispersion and their high levels of endemism, leaf litter weevils, and presumably other leaf litter insects, are particularly vulnerable to extinction when whole forest fragments are lost or when recent climate changes push cloud forests to higher elevations.
Tropical montane cloud forests (TMCFs) are considered one of the most threatened and least understood terrestrial habitats in the world (Hamilton et al. 1993, Bruijnzeel and Veneklaas 1998) . The total area covered by TMCFs has always been small compared with other habitat types, and it is rapidly being reduced by deforestation and the drying effects from deforested upwind lowlands (Lawton et al. 2001) . Despite their imperiled state, these forests are vital in the capture and storage of water and often form the headwaters of the most important watersheds of countries within tropical latitudes. Additionally, these forests are important areas of species endemism of many plant and animal groups (Peterson et al. 1993 , Rzedowski 1993 . Although the much-publicized lowland tropical rain forests generally are considered to contain greater numbers of species within a given area (alpha diversity) than TMCFs, these latter forests usually have relatively high species diversity within speciÞc groups and greater differences in species between sites (beta diversity) (Peterson et al. 1993 ). This trend is generally considered the result of the natural fragmentation of cloud forest habitats along and between mountain ranges that produces climatic archipelagos conducive to allopatric speciation (Vázquez-Garcṍa 1993 , Challenger 1998 , Luna Vega et al. 1999 .
In Mexico, cloud forests or the broader category "bosque mesó Þlo de montañ a" (sensu Rzedowski 1978) potentially occupy Ϸ0.86% of the total area of the country, corresponding to 17,400 km 2 (Rzedowski 1993 , Challenger 1998 . The total area is scattered among at least 100 isolated forests associated principally with the eastern and western Sierra Madre, the highlands of northern and southern Oaxaca, and the various mountain systems of Chiapas (Bubb 1991 , Challenger 1998 . These ecosystems are apparently of considerable antiquity as evidenced by the presence of fossils of many of the characteristic ßoral elements of these forests in Miocene and Oligocene deposits (Challenger 1998) . In addition, these forests may have extended over greater areas and at lower elevations during cooler periods of the geological history of the region (Graham 1993 , Martinez-Torres et al. 1988 . Presently, estimates of the remaining area of cloud forests in Mexico are calculated to be less than half of the potential area, or roughly 8,000 km 2 (Challenger 1998) , and these forests are considered to be highly threatened (Bubb 1991 , Challenger 1998 .
Many taxonomic groups have high diversity and endemism in cloud forests. These include epiphytes, bryophytes, ferns, amphibians, and leaf litter invertebrates (Richards 1952 , Wake 1970 , Frith and Frith 1990 , Nadkarini and Longino 1990 , Hamilton et al. 1993 , Wolf 1993 , Anderson and Ashe 2000 . Inverte-brates are very diverse in the ever-moist accumulated leaf and ground litter of TMCFs and most species are as yet unnamed. Nadkarini and Longino (1990) report that invertebrates were 2.6 times more abundant in ground litter than in the canopy in Monteverde Cloud Forest of Costa Rica, a pattern that contrasts with lowland tropical forests, where density and diversity of insects in the canopy are estimated to be higher (Erwin 1988 (Erwin , 1997 .
Because of the high diversity of leaf litter invertebrates in tropical forests, they have been used to indicate conservation priorities and assess restoration in tropical forests (Anderson and Ashe 2000, Nakamura et al. 2003) . Anderson and Ashe (2000) analyzed the diversity and distribution of two beetle families, Curculionidae (weevils) and Staphylinidae (rove beetles), from leaf litter of cloud forests and used results to determine conservation priorities for these habitats in Honduras. Cloud forest sites within Honduras were ranked based on richness and diversity measures. They found high total species diversity (Ͼ500 species) and that the species of both these beetle families were highly endemic, with Ͼ50% of species restricted to a single site. The combined measures produced a broad range of values and proved sensitive to differences in overall diversity and levels of local endemism. Other advantages of using Curculionidae and Staphylinidae are the ease of sampling, combined with a large and robust data set that can be generated.
Of these two coleopteran families, weevils inhabiting leaf litter of cloud forests are of special interest for several reasons. First, the leaf litter habitat is generally not thought of as the principal habitat of this taxon. Whereas most weevils are strictly phytophagous and usually found in association with their host plants (Anderson 2004) , many weevils inhabiting leaf litter apparently feed in dead plant material. Second, high diversity of weevils in leaf litter is primarily a phenomenon of the tropics, and especially in tropical montane forests. Although some representatives of the genera common in leaf litter from cloud forests are found at higher latitudes in temperate habitats, the number of species is comparatively low (OÕBrien and Wibmer 1982) . And Þnally, weevils in leaf litter are among the least studied of this enormous taxon and most species are undescribed (Anderson and Ashe 2000) .
Given their high endemism and diversity in cloud forests and their ease of sampling, leaf litter weevils have potential for serving as important indicator taxa in the conservation of tropical montane forests and their phylogenetic relationships between species may provide detailed, small scale, biogeographic patterns. However, much needs to be learned about these organisms, including their biology, the patterns of in-site diversity, and how past disturbances of TMCFs may affect these patterns. To establish the groundwork for such studies and understand differences among sites, it is important to understand the variation in densities and distribution of species within a single site and what factors may be responsible for explaining these observed patterns. The purpose of the current study is to quantify the richness, diversity, distribution, and temporal variation of leaf litter weevils species (Coleoptera: Curculionidae) in TMCFs that vary between successional and primary forest and to generate data, which will provide insight into the conservation biology of leaf litter fauna of TMCFs.
Methods and Materials
Study Site. The Biological Reserve "Cerro Huitepec" (BRCH) is a 136-ha reserve that was declared a private reserve in 1987 and managed by the nonproÞt conservation organization PRONATURA A. C. It is located 4.5 km west of San Cristó bal de las Casas, in the central part of the Highlands of Chiapas, Mé xico. The coordinates of the reserve at the northern corner are 16Њ 44Ј 38Љ N and 92Њ 40Ј 15Љ W. The reserve is made up of a series of steep slopes of between 40 and 60% with an altitude range of 2,230 Ð2,710 m. The mean annual temperature is between 14 and 15ЊC, and the mean annual precipitation is 1,300 mm with heavy cloud cover common above 2,550 m from May through November (Ramṍrez-Marcial et al. 1998) . The western and eastern boundaries of the reserve are sharply delineated between forested vegetation of the reserve and cleared agricultural areas outside of the reserve. Ramṍrez-Marcial et al. (1998) analyzed the ßora and categorized the vegetation of the reserve. They recorded 315 plant species, representing 32% of the ßoristic elements estimated for the Central Highlands of Chiapas above 2,000 m. They also recognized six distinct communities within the reserve: grassland, shrubland, early successional oak forest, mid-successional oak forest, oak forest, and evergreen cloud forest. Of the vegetation types sampled in the current study, (early successional oak forest, mid-successional oak forest, oak forest, and evergreen cloud forest), the shared ßoral elements were Ͻ58% between all communities. Although the oak forests had greater overall richness of plant species, the cloud forest has a greater number of species (20%) that are restricted to this forest type (Ramṍrez-Marcial et al. 1998) .
Sampling Methodology. In total, 248 leaf litter samples was taken within the study site on the northern and eastern slopes of Cerro Huitepec. These samples were divided among four altitudinal transects with four study sites each (Fig. 1) . At each study site, eight samples of 0.5-m 2 leaf litter were taken once during late June to early August (wet season) and from late November to early February (dry season). Samples were taken among four transects ϫ 4 study sites ϫ 8 samples ϫ 2 seasons ϭ 256 (minus nine samples from one site that were accidentally lost to Þre) ϭ 247. Within each sample transect, two sample sites each were in primary and successional forests, respectively. At each sample site, eight individual circular 0.5-m 2 samples of leaf litter were taken at 2-m intervals perpendicular to the slope of the terrain. At each sample location, the slope was measured with a simple clinometer and the humidity of the leaf litter categorized. Humidity categories were 1) dry, without any evidence of humidity; 2) barely moist, with moisture evidenced by touch and slightly lowered temperature; 3) moist, with some clumping and softening of leaf fragments due to obvious moisture; 4) very moist, with obvious clumping and softening of leaf fragments, water appearing when squeezed; and 5) wet, leaf litter shiny wet with moisture and water readily appearing when squeezed. The depth of the leaf litter was estimated by clearing a small hole and measuring from the soil to the top layer of debris with a plastic ruler. All organic debris (e.g., leaves, twigs, fungi, wood debris) down to, but not including the soil, within the 0.5-m 2 circle was collected and placed in a litter reducer (Martin 1977) . The reduced debris was transferred to labeled cloth bags and transported to the laboratory.
In addition, at each sample site the characteristics of the vegetation in the vicinity of the site were recorded once within plots of 300 m 2 . These plots were 10 by 30 m and parallel to the line of eight leaf litter sample locations. Data recorded in these plots included the following: 1) number of ferns Ͻ50 cm in height, 2) number of ferns Ͼ50 cm in height, 3) number of herbs Ͻ50 cm in height, 4) number of herbs Ͼ50 cm in height, 5) number of bushes Ͻ50 cm in height, 6) number of bushes from 1 to 1.5 m in height, 7) number of trees of 1Ð5 cm in diameter at breast height (dbh), 8) trees 5.1Ð10 cm dbh, 9) trees 10.1Ð20 cm dbh, 10) trees 20.1Ð 40 cm dbh, 11) trees 40.1Ð 80 cm dbh, 12) trees Ͼ80 cm dbh, and 13) number of fallen logs.
In the laboratory, leaf litter samples in cloth bags were weighed and placed on wire mesh over cheesecloth in metal Berlese funnels (one sample per funnel) under 60-W light bulbs for 3 d. Escaping weevils were collected in 80% ethyl alcohol. To evaluate the efÞ-ciency of Berlese funnels in extracting weevils, visual revision of 16 samples processed with funnels validated that all weevils were thus collected. Samples were observed under a stereo microscope, and weevils were separated and then mounted on points and labeled as to sample number, site and date of collection. All weevils found in samples were considered as part of the leaf litter fauna and incorporated in the analysis, with some notable exceptions. These exceptions were species of weevils that general sweep net samples indicated occurred only on herbaceous vegetation and were sometimes inadvertently dislodged from plants while sampling and incorporated in leaf litter samples. The most common examples of these individuals were from the family Apionidae and of the genera Phyllotrox and Smicronyx (Curculionidae). Once pinned and labeled, all weevil samples were sorted to morpho-species. First, samples were sorted to genera and then split into distinct morpho-species. Species were identiÞed when possible based on comparison with identiÞed material in the collection of C.W.O.B. All morphospecies were examined for the presence of wings using one or a combination of the following methods: 1) direct removal of elytra (used for at least one species of each genus), 2) presence (winged) or absence (apterous) of elytral humeri, and 3) examination for evidence of fusion between elytra without dissection.
Vouchers specimens were deposited in the entomological collections of the Universidad Autó noma de Queré taro, Queré taro, Mé xico (UAQE), Colegio de la Frontera Sur, San Cristó bal de las Casas, Chiapas, Mexico and in CWOB, Collection of C. W. OÕBrien, 2313 W Calle Balaustre, Green Valley, AZ, USA.
Diversity Measures and Statistical Analysis. The numbers of individuals for each species were recorded along with corresponding ecological data for each sample and sample site. These data were used to estimate total weevil diversity and diversity in both primary and successional habitat categories of the reserve. The categories were based on the classiÞcations of Ramṍrez-Marcial et al. (1998) and included the following: 1) primary forest consisting of cloud forest and primary oak forest and 2) successional oak forest consisting of intermediate successional oak forest in the park interior and early to intermediate successional oak forest at the reserve edge. Species accumulation curves and estimators of diversity were calculated using EstimateS 6.0 computer program (Colwell 1997) . Estimators included Chao 2, and second order jackknife (Jack 2) (Colwell and Coddington 1994) . These estimators were calculated for the total sampled diversity and for each habitat type and for primary and successional habitats. GreensÕs Index of aggregation (Green 1966 ) was used to compare dispersion of individual species among samples (N ϭ 248) and samples sites (N ϭ 31). Diversity indices (Shannon and SimpsonÕs) also were calculated using EstimateS 6.0 for all samples and for each of the habitat categories and tested for signiÞcance difference (t-test) between habitats using methods given in Magurran (1988) and Ludwig and Reynolds (1988) . The pattern of total species abundance was tested for the lognormal and log series model of species abundance by using tests for signiÞcance given by Magurran (1988) .
Analysis of the patterns of species densities with that of physical and biological variables was initially explored using the principal component analysis (PCA) program of Multi-Variate Statistical Package, version 3.01 (Kovach Computing Services 1998). Species with variable loading Ͼ0.10 for any of the Þrst six axes by using standardized data were then analyzed using a canonical correlation analysis to determine the abiotic and biotic variables of most importance in the abundance of these weevil species by using Statistical Analysis Software (SAS Institute 1985) . After testing for normal distributions, differences in densities of individuals (all combined species of weevils and for selected species) were tested using KruskalÐWallis nonparametric procedures with the statistical software MINITAB, release 14 (Minitab, Inc., State College, PA).
Results
In total, 2102 weevils was recovered from 248 samples of 0.5 m 2 each of leaf litter from the Cerro Huitepec Reserve in the state of Chiapas, Mexico (Appendix 1; Table 1 ). Total weevils densities averaged 8.51 Ϯ 9.04 weevil individuals per 0.5 m 2 of leaf litter. Weevil individuals were categorized into 57 species, representing 18 genera. Of these, only three could be iden-tiÞed to species, and although several of these morpho-species may be later identiÞed with further study, most (Ͼ90%) of the individuals collected in the current study represent undescribed taxa. A species of the genus Sciomias (sp. 1) was the most frequently collected species, with 380 individuals, and a species of Eurhoptus (sp. 2) had a slightly lower total number of individuals, 372. There was a fairly large number of species that had moderate total abundances, with Ͼ30 individuals (31.5% of all species). There were 12 singletons (21%) and 10 doubletons (17.5%) (Appendix 1; Table 1 ). Of the genera, Eurhoptus had the most individuals (737; 35.1% of total) with the genus Sciomias, second in total numbers (382; 18.2% total) and species of the undescribed Cryptorhynchinae genus 1 ranked third (329; 15.7% of total). The genera Tylodinus and Anchonus both had nine species, whereas Eurhoptus and Conotrachelus both had six species.
Greater than 85% of the genera (16; 88.8%) and species (49; 86.0%) were apterous. All apterous species had no remnants of the hind wings, and elytra were fused along the midline, sometimes heavily so. The only winged species belonged in two genera, Conotrachelus and Microhyus, and they are both placed the subfamily Molytinae of the tribe Conotrachelini (Alonso-Zarazaga and Lyal 1999). These winged individuals accounted for only 5.4% of the total sampled individuals.
The total number of species collected (57) was relatively close to that predicted by the Þnal richness estimators (Fig. 2) . The estimators Chao 2 richness estimator (Chao2), the abundance based coverage estimator of species richness (ACE) and the second order Jackknife richness estimator (Jack2) calculated Þnal total species for the reserve to be 63.05, 67.56, and 71.96 total species, respectively. However, all estimators were not very successful in predicting the Þnal total estimate from few samples, and the number of predicted species increased at a rate similar to the actual randomized species accumulation curve (Fig.  2) . Chao 2 was the Þrst estimator to plateau at its Þnal estimated richness value, but required Ϸ100 samples to reach this Þnal Þgure (Fig. 2) . The relatively large number of samples needed for these estimators to reach an asymptote is assumed to be the result of the high numbers of singletons and doubletons in the samples, a characteristic of many studies of insects in the tropics (Novotný and Basset 2000) . All weevil species with Ͼ30 sampled individuals had aggregated distributions within 0.5-m 2 samples and at sample sites (4 m 2 among eight samples) ( Table 1 ). GreenÕs index indicated that aggregations were greater at the sample site level for all common species, suggesting that the size of aggregations were greater than the 0.5-m 2 sample size. Although the sampled species were spatially clumped, all of these more common species were present in all of the forest habitats samples and GreenÕs index of aggregation was relatively low for most species, suggesting populations were only loosely aggregated (Table 1) . A notable exception to this pattern was Sciomius sp. 1 and three species of the genus Conotrachelus (species 2, 3, and 6) that had the highest aggregation indices of all species.
The majority of weevil species in leaf litter (69%) were more common in primary habitats with three important exceptions ( Table 1) . The most common and most aggregated species, Sciomius sp. 1 had signiÞcantly higher densities in the successional than primary habitats (H ϭ 9.92, df ϭ 1, P Ͻ 0.002). Likewise, species of Conotrachelus (one of only two genera with winged species) also had signiÞcantly higher densities in the successional habitats. The remainder of the common weevil species also had similar or higher densities in primary than in successional habitats. Further indication of the difference in the overall patterns of these groupings of weevils is supported by comparison of total weevil densities between successional and primary habitats with and without the inclusion of Sciomius and Contrachelus in the analysis. No signiÞcant differences were found in total weevil densities among habitats (H ϭ 3.58, df ϭ 1, P ϭ 0.58). However, excluding Sciomius and Contrachelus from the comparison resulted in signiÞcantly higher densities of combined leaf litter weevils in primary forest than in successional forests (H ϭ 12.91, df ϭ 1, P Ͻ 0.001).
The majority (76.5%) of the common weevil species (Ͼ30 collected individuals) showed little variation in densities between the wet season (JuneÐAugust) and the dry season (NovemberÐFebruary) ( Table 1) , despite signiÞcant differences in the humidity of leaf litter (mean humidity rating 4.06 versus 2.28 for wet and dry season, respectively; 2 ϭ 100.62, df ϭ 7, P Ͻ 0.01). Differences between seasons of the combined total densities of weevils were insigniÞcant (KruskalÐ Wallis, H Ͻ 1.24, df ϭ 1, P Ͼ 0.05), and only Þve of the 18 common species showed signiÞcant differences between seasons. Of these, three species, all of the tribe Anchonini, had higher densities during the wet season (Anchonus sp. 1, Anchonus sp. 2, and Levites sp. 1: H ϭ 8.30, df ϭ 1, P Ͻ 0.01, H ϭ 5.62, df ϭ 1, P Ͻ 0.05, and H ϭ 5.62, df ϭ 1, P Ͻ 0.05, respectively). The most common species, Sciomius sp. 1, was more common during the dry season (H ϭ 10.89, df ϭ 1, P Ͻ 0.01), and the strict cloud forest inhabitant, Heptarthrum sp. 1 (H ϭ 8.66, df ϭ 1, P Ͻ 0.01).
Of the habitats, the successional forests had lower species richness and greater relative dominance of one species, Sciomias sp. 1 (Table 2 ). This was reßected in the lower richness values and signiÞcantly lower diversity indices of both ShannonÕs and SimpsonÕs indices for these habitats ( Table 2 ). The relatively large differences in the SimpsonÕs diversity index between primary and successional forests, which is sensitive to dominance relations, further suggested that successional forests were more dominated by a few species than primary forests. Besides greater diversity, primary forests also had greater numbers of unique, (Chao 1984) ; 2) ICE, incidence-based coverage estimator of species richness (Chazdon et al. 1998 , Chao et al. 2000 ) and 3) Jack2, second-order jackknife richness estimator (Palmer 1991) . a Different letters indicating signiÞcant difference in the diversity indices of ShannonÕs and SimpsonÕ SD between primary and successional habitat types determined with t-test by using methods given by Magurran (1988) : t ϭ 3.82, df ϭ 1913, P Ͻ 0.001 for Shannon; and t ϭ 5.21, df ϭ 2102, P Ͻ 0.001 for SimpsonÕ SD. species represented by one individual (singletons) ( Table 2) .
The pattern of total species abundance Þt the lognormal model of species abundance ( 2 ϭ 8.36, df ϭ 6, P Ͼ 0.05). Species abundance for both primary and successional habitats also Þt closely to the lognormal model (Fig. 3) , suggesting that although the richness of species between habitats was different, the patterns of abundance of species within the communities within each habitat were similar.
Canonical correlation analysis indicated several patterns in the spatial distribution of weevils in leaf litter (Table 3 ). CoefÞcient 1 indicated that three species (Lepilius sp. 1, Levites sp. 1, and Cryptorhynchinae new genus 1 sp. nov. 2) had strong correlations with the presence of small trees and herbaceous vegetation, and negatively correlated with the presence of large trees. The second coefÞcient indicated that the most common species Sciomius sp. 1, was positively correlated with the presence of herbaceous vegetation, bushes, and medium trees, whereas the correlations of the second most common species (Eurhoptus sp. 2 and Levites sp. 1) with these variables, were strongly negative. The third coefÞcient reinforced the correlation of Sciomius sp. 1 and Eurhoptus sp. 5 with the presence of bushes and large trees suggested by correlations with previously mentioned coefÞcients. Also, the third coefÞcient supported a positive trend between Lepilius sp. 1 with the presence of small trees, but in this case by indicating a corresponding strong negative correlation with large trees. The fourth coefÞcient was similar to the Þrst in indicating strongest correlations with the weevil species, Lepilius sp. 1, and Cryptorhynchinae new genus 1 sp. nov. 2 and herbaceous vegetation, but in contrast to the Þrst coefÞcient, were negatively correlated with the presence of trees of all sizes. Also in this last coefÞcient, Levites sp. 1 was positively correlated with the presence of trees of all sizes, but negatively so with herbaceous vegetation.
Discussion
The richness and densities of weevils encountered in leaf litter during the current study was notable for a relatively small area (Ͻ130 ha) and for the speciÞc habitat sampled. Using a sample size of 0.5 m 2 , the accumulation of species was relatively slow and required at least 25 samples to record half of the species actually collected. A sample size of 100 was needed before richness estimators reached an asymptote (Chao 2) and estimators indicated that from 6 to 13 species were yet to be collected. Of the collected species, Ͼ90% were undescribed, and this emphasizes the unknown nature of this fauna. At the genus level, however, all genera found in the current study (with the exception of two singletons: Oxypteropsis and Oopterinus) were reported previously as leaf litter in- 2 ϭ 5.14, df ϭ 8, P Ͼ 0.05; primary forest: 2 ϭ 9.41, df ϭ 8, P Ͼ 0.05; and successional forest:, 2 ϭ 8.10, df ϭ 8, P Ͼ 0.05. a Species used in analysis had variable loading Ͼ0.10 for any of the Þrst six axes of PCA with standardized data. Likewise, these species accounted for 63% of the total number of individuals.
b The statistics WilkÕs Lambda, PillaiÕs Trace, HotellingÐLawley Trace, and RoyÕs Greatest Rott all signiÞcant, P Ͻ 0.0001.
habitants from Honduras by Anderson and Ashe (2000) . However, no species are shared with those found in Honduras by Anderson and Ashe (2000) , and most are in fact unique to the Cerro Huitepec area (R. S. Anderson, personal communication). These results support results from Anderson and Ashe (2000) that although the genera of weevils in leaf litter of TMCF of Mesoamerica are widespread, species distributions are highly endemic. Accumulation curves and estimation of total diversity of leaf litter inhabiting weevils also were comparable with results reported by Anderson and Ashe (2000) for cloud forest sites in Honduras. Many of these sites in Honduras were considerably larger than the Huitepec Reserve reported here, suggesting that despite past disturbance and some reduction of the original extension of cloud forest, the Huitepec Reserve is still sufÞciently large to maintain much of the original diversity of the weevil fauna in leaf litter. The slow accumulation of species richness and the relatively large number of samples needed before richness estimators reached an asymptote was apparently the result of a large number of singletons and doubletons. It is also noteworthy that although the abundance data Þt the lognormal, the number of species represented by only one individual (singletons) was the value furthest from the predicted value. This pattern in greater than expected numbers of singletons for tropical beetles has been reported previously by several studies (Novotný and Basset 2000 , Lucky et al. 2002 , Carlton et al. 2004 . These latter studies classiÞed the possible types of rare species in insect diversity studies, and considered "tourists" (species not normally associated with the habitat being sampled) to be an important component and problematical in determining valid diversity measures. However, the proportion of species that are tourists in the current study is probably low, because the sampling methodology was relatively speciÞc and well deÞned (samples of 0.5 m 2 of forest litter) and the generally apterous condition of leaf litter weevils suggests that individuals rarely stray far from the leaf litter habitats. This conclusion is also supported by the high percentage of species (83%) that are within genera that are known leaf litter inhabitants. In addition, other conspeciÞcs of the same genera of the singletons and doubletons were found in greater numbers in the samples (Appendix 1; Table 1) . Results from the current study support Lucky et al. (2002) in that sampling effort may be underestimated when studying richness and diversity of tropical beetles.
The analysis of densities of weevils between habitats, seasons, dispersion indices and the canonical correlation analysis of species and vegetation suggested three general patterns in the spatial distribution of weevils. The most common spatial pattern is exempliÞed by Eurhoptus sp. 2, the second most common species that are wingless, with adults restricted to the leaf litter habitat and can be considered to be a true, obligate leaf litter inhabitants of moist primary forests. This species had low dispersion values and was negatively associated with herbaceous vegetation. All other species of Eurhoptus, as well as Tylodinus, Anchonus, and Theognete, and Cryptorhynchinae new genus 1 Þt this pattern with low dispersion indices, and with greater densities in primary than in successional forests. The second pattern was that of Sciomius sp. 1 and species of the one of the two winged genera, Conotrachelus (sp. 2, sp. 3, and sp. 6), which are apparently favored by disturbance, because they were the only species that were more common in successional than in primary forests (Table 1 ). In addition, Sciomius sp. 1 was clearly an outlier in other respects, because it had the highest densities and the highest aggregation indices at all sample size levels and more common during the dry season. This species also was strongly correlated with the presence of herbaceous vegetation and bushes suggesting that, like many members of the Entiminae (Anderson and Howden 2004) , Sciomius sp. 1 is a generalist, nocturnal, aboveground plant feeder in the adult stage, with larvae feeding below ground on roots. Although apterous, these results suggest that Sciomius sp. 1 may not be a true, leaf litter obligate such as species of Eurhoptus, Tylodinus, Anchonus, and Theognete. However, more study is needed of the habitat preferences and biology of species of Sciomius to validate this conclusion. The other species with similar spatial and temporal patterns belonged to the genus Conotrachelus, that are different from the other weevils found in leaf litter of the study because of their winged condition. The capacity to ßy would suggest that the factors governing the larger scale geographical distributions and levels of endemism of these species of Conotrachelus are distinct from the rest of the apterous weevil species in leaf litter. Also, information from other species of the genus indicate that larvae of Conotrachelus are principally fruit feeders or feed on dead or dying wood (Kissinger 1964) , suggesting that a signiÞcant portion of their populations may be outside the leaf litter habitat. These combined characteristics suggest that, as concluded for Sciomius, species of Conotrachelus should not be classiÞed as true leaf litter obligates. The third spatial pattern was displayed by Lepilius sp. 1 and species of Anchonini (Anchonus and Levites) that were both more common in primary forest but had unique and signiÞcant patterns in their association with components of the vegetation, suggesting that their biology was distinctly different from that of the majority of the other leaf litter weevils. In addition, species of Anchonini were the only species that were more common during the wet season, suggesting distinct adaptations in life history traits to the seasonal patterns in the humidity of cloud forests.
Considering the small size of these organisms and the relatively homogenous and ubiquitous nature of the leaf litter they inhabit, a small reserve probably contains enough resources and area to maintain viable populations of the majority of weevil species for many years. The mean density of all weevils recorded in this study was 17.02 weevils per m 2 that converts to Ϸ170,000 weevils per ha or roughly 22 million total weevils in the forested area of the reserve. Even excluding weevils that results suggested are not true leaf litter obligates (species of Sciomius and Conotrachelus), the total is still Ͼ16 million leaf litter weevils in the reserve. Validation for this simple extrapolation is supported by the observation that all forested areas of the reserve had considerable leaf litter accumulations, and presumably capable of maintaining at least some of the leaf litter species. Thus, population estimates for all but the rarest weevil species in the reserve are considerably greater than estimates of minimum viable population sizes calculated for other insect species (Biedermann 2000, Reed and Bryant 2000) and greater than that of 5,500 individuals calculated as a composite estimate based on various populations of small vertebrates and invertebrates (Thomas 1990) . Two additional factors also support the conclusion that small areas can support viable populations of weevils. First, aggregation indices suggested that the more common weevils (Ͼ30 individuals; 30% species total), although loosely aggregated, were widely spread throughout the reserve and relatively common in both primary and successional habitats. Second, differences in the densities between the wet and dry season of the majority of the common weevil species (76.5%) and total weevil densities were nonsigniÞcant. This suggests that population sizes of weevil species in leaf litter are relatively stable, without marked seasonal ßuctuations which are conducive to local extinction. Although these results indicate that even moderately disturbed montane forest sites can maintain viable and relatively diverse populations of the more common leaf litter weevils, these conclusions cannot be extended to the rarer species, which were generally restricted to the primary cloud forest areas, and probably have more limited environmental tolerances and greater resource specialization than the more common species.
Although evidence suggests that small areas could retain common species of leaf litter weevils for sustained periods, this conclusion is based on the assumption that environmental conditions remain relatively unchanged. However, signiÞcant changes in cloud forest weather patterns and cloud height have already been documented (Lawton et al. 2001 , Lawton et al. 2001 , Pounds 2001 , Pounds and Puschendorf 2004 , and numerous vertebrate species, such as the golden toad of Monteverde Reserve of Costa Rica, have already become extinct (Pounds et al. 1999) . Weevils in leaf litter of the montane cloud forests of Mexico and Central America are also clearly at risk from climate change because of several factors. First, they have low powers of dispersion (86% were ßightless in the current study). Thus, even if nearby cloud forests exist as sites for recolonization, it is doubtful that leaf litter weevils are capable of, or disposed to, crossing areas without accumulations of humid litter, and even less probable that they would cross the pastures or cultivated plots that presently surround most remaining cloud forests. Second, leaf litter weevils of cloud forests are at risk because they are highly endemic (Anderson and Ashe 2000) and restricted to cloud forest habitats. As cloud forests are pushed to higher elevations due to drying of moisture bearing trade winds and higher cloud cover, leaf litter weevils and presumably other apterous leaf litter invertebrates restricted to cloud forests will be stranded on mountain peaks in ever smaller populations where extinction is increasingly more likely. 
